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Nature of Short Li * . . H-C Contact Interactions H--H-CM4 (0, 16. (t)L=2
in Organolithium Compounds and Its Implication HL1-AH- 3 C, 1.o 10o M0)"

Juan J. Novoa-t and Myung-Hwan Whangbo HIU-H-CHI Ce, 510 00 (043"
sCalaalated with the 64t++G bsis et mrt the gee-t.. ob-

Department of Chemistry, North Carolina State Uniuersity, tamied with the 6-31G * buds st.
Raleigh, North Carolina 21-8204

Galen D. Stucky* unit have distorted square-pyramidal and distorted
square-planar coordinations of Li atoms, respectively. It

Department of Chemitr , University of Californa, is the D(2) atom that is associated with the unmually long
Santa Barbara, California 93106 C-D bond. In the present work, we examine the two

Receiued September 4, 1990 striking structural features of solid CD 2, Le., the short
Structures of organolithium compounds seldom follow D-Li contacts and the long C-D bond, by carrying out ab
lstrctr bofn o anott urn compou eldom ollow beeinitio SCF-MO calculations on molecular model systemsclassical bonding patterns and therefore have been a.~ H-LI-H-CHMT,.. (k n- 0-3), LiH,- i -H-CHLT,, and

subject of extensive experimental" '2 and theoretical! .H-i-H-CHL, and cosie Limpraimplian

studies. One of the striking features of organolithium. of our retuliso
compounds is short H-Li contacts involving their C-H - of our results.-
bonds.U This is particuly noteworthy in view of the ease Computational Details
of C-H bond activation to remove LiII from organoithiuml .'
compounds."' The H-Li contacts are comparable in Our SCF-MO calculatio we carried out by wing the cAuW m
length to the Li-H distance [2.043 (1) A] found in solid a progsra' The geometries of CH14. (n - 0-4) and LIH an
lithium hydride.k In gas-phase LiH, the Li-H distance opt z ed by SCF-MO calculations using the 6-31G- basis set?
is 1.596 A." So far the shortest known D-Li distance is In our calculations an H-U-H-CH.Lis (n - 0-3), LiH2C-

172 (3) A. which is found in solid CL 7 solid also L-H-CHLi, and (H-LU)-H-CHLi, al fragment geometries
( , h on d are taken to be fae unlesa mentioned otherwis The global

has a short Li-Li contact, Le., 2.26 (2) A. which is the minimum enarp structures o those systems ae not examined,
verage of the covalent radii sum 2.68 A and the ionic radii because our objective is to examine the short Li-D-C contacts

sum 1.80 A. In solid CD2Li, each C%, unit is contained and the unusually long C-D bond present in solid CDL4 The
in a distorted cube of Li atoms as shown in the stereodi-. global minimum enagv structures ofstoichionmetry CHI 4 and
agpam of Figure 1, where the large, medium, and small CH.L have been reported in the literature.
circles represent C, Li, and D atoms, respectively. The In our SCF-MO calculations on H-U-H-CH.U,.. (n - 0-3)
solid lines represent the C-D bonds [C-D(1) - 1.09 (1) A, witha collinear H-LU-H-C arrangement, the interaction energie
C-D(2) - 1.18 (1) A] and the C-Li bonds [2 X 2.17 (1) Al.
Note that one C-D bond is normal, but the other one is (1) For a review.e: (a) Se er. W. N.; Schlyer. P. . R. d. O
unusually long. The *molecular unit" CDLi, is neither sanomet. Chem IM 24, 351 (b) Ma er. A. Thei, K4 Top. Cuff.
planar nor tetrahedral in shape, which is not surprising Om. 1967.13, L (c) Sddoer. P. v. R. am AppL Chem. 1 5. 15.L
since planar cis-CH12Li is calculated to be only slightly less (2)(a) zkar. R Rbin W4 Stucky, G. D. J. An. Chm. Soac. 1274,
stable than tetrahedral CH2Li, (by -8 kcal/mol). The ~.04. (b) Rhine, W. & Stucky, Q D.; Petersn. S. W. J. Am. Che

Soc. t75. 97, 6401. (c) Stucky, G. D. Eddy, K M. Harrison, W. H.:
dashed lines of Figure 1 show the D-Li contacts less than Lagow. &- Coz. D. . 4. Am. Chaem. Soc. Me 11Z 2425. (d) Dietrich.
2.90 A [i.e., i-D(I) n 1.72 (3), 2.03 (3), 2.15 (3), 2.28 (1), IL A.t4 Crystalo. 16. 16, 681. (a) Wakefild. B. J. 77W Chemistry

of ranoithium Compandr Pepmoan Prom: Ozford. Ergad 1974.
2.36 (2) A; Li-D(2) 1.99 (3), 2.06 (2), 2.16 (2), 2.38 (2) (3) (a) West. R.; GlI, w. .Am Chem. Soc. 1 61, 83. 35M. (b)
A] as well as the Li-Li contact less than 2.70 A [Le., Li-Li Cridm.er L Z. Phys. Chemi. 1 .51.22. (cJ We, & Luacken. A. C.
- 2.26 (2) A. As shown in 1, the shortest Li-D and the J. Org womet. Chem. 164 2. 197. (d) Wem, s. HancG. 0.4. Or-.-
shortest Li-Li contacts in CD2Li2 involve a common Li names. Cham. JMrk21. . () SDieh. H. Acta CryaimslogM.1323,16,atom: With a CD 2 unit, one Li makes a monobridged IN. (W Baue. W.; SM.oyer. P. v. R. 4. iChm Sa. 1hr. 11.Z. 7191

Li-D-C contact and the other Li makes a dibridged end references cited therein.
Li-f-C contact. The D(1) and D(2) atoms of each CDZ (4) (a) Collins. J. B, Dill. J. D.; Apeloi. Y Schlyer. P. v. R.; Seeg r. sPr

- c t TPople, J. A. J. Am. Chem. Soc. 137L 98,5419. (b) Laidig. W. D.;
Li Schaefer, H. F. JL J. Am. Chem. Soc. 13 510572. (c) Jemmis. E.

D. S.lDayr. P. v. P.; Pople. J. A. J. Organomet. Chem. IS78 154. 327.
DM (d) Schlesy. P. v. R Warthwein. L-U.; Kaufawn, .; Clark. T.; Pople.

J. A. J. Am. Chem. Soc. 1 3. 106, 1983. (e) Bechrach S. MP. Streitwimer. EL1'72(3)-" -.. 9(z) - A..Jr. J. Am. Cham. Soc. 1384.106. 5818. (M Ritchie, J. P.;Bechrach.
S. hA.J. Am. Chem. Soc. I7.109, 509.

2..."'" C (5) (a) Zintl. Harder. A. Z. Phys. Chem. Ab.B 1373. 2. 478. (b)
Hertzbes G. Mol.cular Spectra and Molecular Suctur,. L Diatom-c.. ......

* / Molculer Prentice Halk New York. 1939; p 489.
.I'/ .S13; (6) GAussue- Friech. M. J.; Binkley, J. S Schlocel. X B. Rags-

vecharLF Melius. C. F.; Martin. R. L. Stewart J. J. P.; BobrowicF. F.
oW lling. C. M Kal. L I. Doereee. D. J4 Se er. &- Whiteside,

Li -.................... C ) R. A, Fo. M J4 Flader, B M.; Pople, J. A. C4rnegie-Mlos Quantum
2.86(2) Chemistr Pulishing Unit. Pitabum PA. 194.M7 C-M - 1.064 A for CH. (7d); C-H t-oI. ). C-Li - 2.M0o A. and .*s

ddCU - 12.3* for toi (C; C-H -L099 A. C-i - Lg -A. .iCH --107/." and .iCUi IMO~t for CHLi (C-b): C-H - 1.109 A. C-Li - Jr

O934 n and 4dQa 105.0 for CHi,; Li-H - .630 A for UL
'On sabbatical leave from Depa mento do Quimica Fiica. Fs- (8) Schleyer. P. v. R.; Wirthwin. E..U.; Pople. J. A. J. Am. Chem.

cultad de Quimica. Universidad de Barcelona. Barcelona. Spain. Soc. 163.1405.5930.
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Danalogu of the agostic interactions of transitioa-metal
Discusion complexes of hydrocarboms

All organolithium compounds are believed to be pre-
dominantly ionic with small but nonnegligible covalent Concluding Remarks
contributions."' Our results are consistent with this Our study shows that short Li-H distances of inter-
conclusion, since the binding energy of HLi-H-CHI 3. molecular Li-H-C contacts occur when the carbon atom
(n - 0-3) is substantial only when the carbon atom has bears at least one Li atom. Such an Li-H-C contact
at least one Li atom. A C-Li bond possesses a substantial interaction is strongly stabilizing, and the associated in-
carbanion character, " so that the carbanion character of teraction energy is nearly half the binding energy of an
H-CH.Li3, should increase with decreasing n. This ex- isolated LiL. This finding provides a natural explanation
plains why the binding energy of HLi-H-CH.Li3.. in- for the observation that solid alkyllithium exists as oli-
creases with decreasing n (see Table I). gomeric units containing lithium atom clusters, be-

As described above, the main features of bonding in cause formation of the lithium atom clusters leads to a
HLI-HCHLi ., can be understood in terms of ionic large number of strongly stabilizing intermolecular i-
bonding. However, some of our findings an not explained H-C contacts involving the Li-bearing carbon atoms. The
by ionic bonding alone. When H-Li is tilted in the H-C-H present work shows that a C-H bond can be lengthened
plane of CH 2Li2 as shown in 3, the binding energy of significantly when it makes several Li-H-C contacts close
HLi-H-CHLi2 increases by about 50% (at 9 72*) with to right-angle arrangements.
respect to that of linear H-Li-H-CHLi2 (0 = 0). An
energy lowering of nearly the same magnitude is also ob- Acknowledgment. Work at North Carolina State
tained when H-Li tilts in any of the two H-C-Li planes University is supported by the US. Department of Energy,
of CH 2Li2 . Thus the energy lowering of HLi-H-CHLi2 Office of Basic Energy Sciences, Division of Materials
is caused primarily by the bending in the H-Li-H ar- Science, under Grant DE-FG05-86ER45259. JJ.N. thanks
rangement and is not much affected by the relative ori- DGICYT (Project PB89-0268) and the NATO and Min-
entations of the dipoles of the HLI and CH2Li2 fragments. isterio de Educacion y Ciencia (Spain) for fellowships that
In terms of dipole-dipole electrostatic stabilization alone, made it posuble to visit North Carolina State University.
the H-Li tilting in the H-C-H plane would have been G.DS. gratefully acknowledges the support of the Office
preferred. An additional factor to consider in explaining of Naval Research and the National Science Foundation.
the r and AE values of HLi-H-CH Li3, (n - 0-3) is
that te Li atomic orbitals of Hi interact appreciably with (13) (a) Broomkha, M Gre n I. IK L J. Orpomet. Chem. 1953.
the lone-pair orbitals of the carbon center and with the 250, 39& (b) Kog. N; Obar. &. Kitaura. K. Morokuma, K. J. Am.
a orbital of the C-H bond (qc-H). This is reasonable be- Chem Soc 1985, Z07,7 10.

cause the Li 2s and 2p orbitals, being diffuse, have their
amplitude maxima at a distance quite removed from the
atomic center)1 In the Hi-H-CHLi2 compound (3), the
Li sp hybrid orbital of HLi points to the carbon when 8 Novel Conversion of a

S0* while the Li p orbital does when 0 = 90*. The Li p 34( ydroxyethyl)azetidinone to a
orbital has an amplitude maximum farther away from the 3-(Hydro ethyl)azetidinone: A Synt is of
i center than does the Li sp hybrid orbital. Thus the 6-(Hydro ethyl)- l0-methylcarba nem'

overlap of the Li orbitals with the carbon lone pair or the
c-H orbital would be greater for 8 - 90* than for e - o, Edward uediger and Camola Mon

which accounts for why the energy minimum of 3 occurs Bristol-Myers Sq b Pharmaceutical up, Candiac,
when B is closer to 900. When the Li-C distance of linear Quers , Canada JpR I C c
HLi-H-CHLi (8 = 0*) is increased, it is possible to reach C
a point where the Li orbitals overlap negligibly with the Receiue October 15,
carbon lone-pair orbital but appreciably with the ac-H
orbital. Thus, it is not surprising that the C-H bond of The 6-(1-hydroxyethyl) hape .m, thienamycin (1a), 2

linear HLi-H-CHLi, is stretched slightly only when the is a potent, broad-spec anti otic frst isolated from
Li-C distance is increased substantially from its optimum cultures of the soil microo Streptomyces cttleya.
value. The lengthening of the C-Hb bond in (HLi)3.-- Its discovery has prompted intense and widespread
Hb-CHLi. (4) is also easily understood in terms of the research effort directed tow the synthesis of a host of
overlap interactions of the Li orbitals of (HLi)03 with the structural analogues. On ch analogue, the 6-(1-
Cc-x orbital of the C-Hb bond. This bond is lengthened hydroxyethy)- 10-methyl p n (2) has recently been
significantly because it makes several short C-H-Li con- reported2 to retain the e lent tibiotic activity of Ia
tacts. and its more stableN- and, d a 1w

The above discussion suggests that. although the pri- displaying superior c mical and atic stability.
mary reason for the short C-H.-Li contacts found for Although 9-northien cin' (c) has been isolated as
organolithium compounds is ionic.ii the overlap interac-
tions of the Li orbitals with the carbon lone pair and those (1) Prented at Chemical Congresf North America.

Toronto, CanadA. 198 Abstract no. ORGN0

(2) Kahan. J. 54 . WM Goofem. S.A Curie. S. A..
(II) (a) Kaufma- E.; Raghavachari. K.; Reed.A. E_ Schieyer. P . Jackson. M.: Stapl .L 0.; Miller. T. W.: Miler. A. - Hendlin. D.;

R. Orgenome aiics -48. 7. 1597 and reference. cited therein. (b) Mochalm. S.. H es, S; Woodruff. H. B. Birmaum.1.. Anibiat.
Stutwiair. A. J. Organomet. Chem. 178.156. 1. lS. 3. I. berg. G.; Aison. B. H.; Hen sea. D.; Hirsh-

(12) According to ow atmic orbitl calculatons of U and C twing the a"d. J4 L Kak&. I A.; Rhod. R. E KahaS. 5Kahaw
5.3tGa hit et. the a mpitude ma of the Li 2s and 2p orbitas F.M.; Re P. R.W.; Walton. E. Ruawinkle. LJ.; " R. B.;

Sst - 1.0 and 10 A away from the atomic center, respecivey. and Chruiaense. • G. J. Am. Chem. Soc. 17. .100. 6491.
thee of the C 2. and 2v orbitala both at -0.5 A aswy from the atomic (3) Shih, D. H_ Baker. F; Came. L. Christemen. & G. Heterocycies
anter. 1984. 21. 29.
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